We empirically investigate the existence of periodically collapsing bubbles in seven Middle East and North African (MENA) financial markets for the period ending in May of 2009. We use the Taylor and Peel (1998) residual augmented least square Dickey and Fuller test (RALS DF) to detect the bubbles.
CAPM-type pricing models, and then compare the market outcomes and the model predictions, using a suitable measure for divergence. In the context of international markets, such an approach requires significant conditional correlations between the local and world index returns. One particular problem with the majority of MENA markets is weak correlations between MENA and world index returns. Cheng et al. (2009) provide detailed documentation of asset pricing characteristics of nine MENA markets in CAPM setting (static, constant parameter intertemporal, and Markov switching variants), but do not study the possibility of bubble formation. They conclude that there is very strong evidence of segmentation in MENA markets from international financial system except for Israel, Turkey, and to a lesser extent, Bahrain. They confirm and document weak conditional correlations between MENA and world index returns. 2 A crucial issue from our point of view is that Cheng et al. (2009) findings suggest that since MENA markets are segmented from the world financial system, we can not use international CAPM or its extensions to price returns from these markets. The majority of the MENA markets seem to price assets based on local information alone, as in Merton (1973) . Hence, we can not detect formation of bubbles based on CAPM-based pricing. Thus, formal testing for bubbles is required.
We introduce formal cointegration tests between price and dividends to detect equity price bubbles in seven MENA financial markets. Diba and Grossman (1988) argue that if bubbles are not present, prices and dividends should be cointegrated. Evans (1991) constructs a class of periodically collapsing bubbles that may not be detected by simple cointegration tests. Taylor and Peel (1998) introduce a test for cointegration that is robust to the skewness and excess kurtosis, and, hence, is able to detect such bubbles. Our conclusion is based on results from both types of tests.
In a study related to our work, Billmeier and Massa (2008) study the possibility of noncointegration between Egyptian stock market index and the underlying fundamentals. They find that this possibility can not be ruled out. Their work is focused on a single market. We, on the other hand, study a more diverse set of markets and are formally looking for evidence in favor of bubble formation. We are not aware of any other recently published paper on MENA equity markets that directly addresses speculative bubbles.
The rest of the article proceeds as follows. In Section 2 we briefly discuss the models used in detection of asset price bubbles, review the Taylor and Peel (1998) methodology, and discuss the estimation equations and variables. In Section 3 we introduce the data. Section 4 contains presentation and discussion of our main empirical findings. Section 5 concludes.
The Model
The standard present value model of the stock prices is often presented as
where P t is the real stock price at time t, D t+1 is the real dividend paid between t and t + 1, and E t denotes the expectation operator for information at time t, as in Campbell et al. (1997) . In this formulation discount factor, 0 < (1 + r) −1 < 1, is assumed to be constant. If we impose the transversality condition lim n→∞ (1 + r) −n E t P t+n = 0, then Eq.
(1) has a unique solution of the form:
where
Together, these equations imply that
This equation implies that if both P t and D t are generated by I(1) processes, then P t − r −1 D t is cointegrated and the parameter of cointegration is equal to r −1 .
If the above mentioned transversality condition fails to hold, then P t = F t instead of being the unique solution to Eq. (1), is just one of potentially infinite solutions which belong to the class given by
see Taylor and Peel (1998) . In this class, B t represents a rational bubble term, which must satisfy
If these bubbles are non-zero, then Eq. (3) must be augmented by B t . This rules out cointegration between P t and D t since in general, B t are not stationary and lead to explosive conditional expectations for the P t − r −1 D t process.
Based on this observation, Diba and Grossman (1988) propose that testing for non-cointegration between real stock prices and dividends, combined with unit root tests for real stock prices and dividends and their first differences, can be interpreted as a test for detection of bubbles.
Evans (1991) introduces a class of periodically collapsing bubbles which can not be detected using Diba and Grossman (1988) methodology. This class can be formalized as
In these equations, α and δ are positive parameters where (1 + r)α > δ > 0, θ t is an iid Bernoulli process which takes the value 1 with probability π and 0 with probability 1 − π where 1 ≥ π > 0 and is viewed as the probability of the continuation of the bubble, and ν t is an iid positive random variable independent of θ t such that E t ν t+1 = 1. This class of bubbles admit partial collapses with probability one, are strictly positive, and do not vanish. Hence they satisfy the stylized requirements of stock price bubbles. Most importantly, Evans (1991) by using Monte Carlo simulations shows that application of standard cointegration tests often leads to failure to reject the stationarity of periodically collapsing bubble processes, since standard tests 'mistake' sudden collapse with mean reversion.
The estimation equation follows the simple linear form of
and the important issue is the stationarity of the residuals. As is well known, to have stationarity, one needs |β 1 | < 1. Waters (2009) argues that the proper test for periodically collapsing bubbles uses log prices and dividends. Furthermore, that paper demonstates that simple cointegration tests using logs are able to detect the class of bubbles introduced by Charemza and Deadman (1995) .
We present results using both levels and logs.
We briefly describe the Taylor-Peel estimator here. One salient point of this method is incorporation of skewness and excess kurtosis in the construction of the estimator. Most cointegration-based tests for rational bubbles rely on testing on the residuals of Perron (1989) regression, as
where the null hypothesis of no cointegration implies ψ = 0 and the alternative of a stationary residual requires ψ < 0. Taylor and Peel (1998) correct the least squares estimate in Eq. (9) for skewness and excess kurtosis to first obtain a more efficient estimator of ψ, and second, to increase the power of the test to correctly reject a mean-reverting error as a bubble, in comparison to the standard cointegration tests. Their method is a two-step estimation procedure. First, regress the first difference of the residuals of the cointegrating equation on their lagged levels, as in Eq. (9). Use the new residuals,û t , and the estimated variance,σ 2 , to construct the vector
Notice that the first element of this vector is the skewness and the second element is the excess kurtosis of the residual. In the second step, re-estimate Eq. (9) with the addition of vectorŵ t , which corrects for skewness and excess kurtosis of the residuals following
In this equation, ν t follows a white noise process. This method delivers a residual-augmented least squares Dickey-Fuller (RALS DF) test of no cointegration. The key test statistic here is
Here,ψ is the estimator in Eq. (10) and V ar(ψ) which is the variancecovariance matrix ofψ, is given in pages 223 and 224 of Taylor and Peel (1998 Almost all studies of rationally collapsing bubbles look at cointegration between real asset prices and real dividend payments. Diba and Grossman (1988) , Evans (1991) , Charemza and Deadman (1995) , Taylor and Peel (1998), Bohl (2003) , and Doffou (2008) , among many others use price index levels as the proxy for P t .
Hence the estimation equation is of the form introduced in Eq. (8). In this formulation, we rely on the relationship between market activity, captured by the level of the real price index, P t , and real dividends, D t . Following Waters (2008) , this relationship needs to be expressed in logarithmic values for testing stochastic explosive unit root models such as Evans (1991 
Empirical Findings
We examine the stochastic properties of the price index, market value, and dividend series from each country separately. In the first step, we test for stationarity and the order of integration using Augmented Dickey Fuller (ADF) method introduced in Dickey and Fuller (1979) and expanded in Said and Dickey (1984) . The results are reported in Table 2 . As expected, the null hypothesis of the existence of a unit root is not rejected for price index and market value data across all countries.
The null hypothesis of a unit root is rejected for dividend series for Lebanon and Morocco, leading us to believe that dividend series are stationary in the Lebanese and Moroccan data. As expected, the null hypothesis of a unit root is rejected for log difference values for all three variables across all countries, which is evidence for stationarity at the first difference. These results are not reported but are available upon request.
The fact that in Lebanon and Morocco series asset prices are of the order I(1) and dividend payments are of the order I(0), is indicative of the existence of speculative bubbles in the aforementioned markets. Due to difference in orders of integration, cointegration tests are misleading on the data from these two markets.
For testing the presence of cointegration between data series, we perform Johansen and Juselius (1990) trace-based test. These results are reported in Table 3 . As is seen in Table 3 , the null hypothesis of no cointegrating vector between P t and D t or M V t and D t variables is rejected for the majority of the markets studied.
The exception is Tunisia. We fail to reject the null hypothesis of no cointegration between P t and D t variables, but we reject this null hypothesis for M V t and D t . Also, as mentioned earlier, due to different orders of integration between dividend and equity price proxies, ordinary cointegration tests are not to be trusted for Lebanon and Morocco.
Testing for the existence of one cointegrating vector in natural log specification, yields similar results. We reject the null hypothesis of no cointegrating vector between p t and d t in all markets except Tunisia. The same testing procedure is carried out for mv t and d t , and in all markets we reject the null hypothesis of no cointegrating vector.
In sum, Johansen and Juselius cointegration tests indicate that price index and dividends or market value and dividends are cointegrated in the majority of MENA markets studied here. This procedure, along with stationarity results reported in This may be interpreted as absence of rationally collapsing bubbles in the rest of the markets in our study. But as noted earlier, conventional cointegration tests are often unable to detect periodically collapsing bubbles found in Evans (1991) . Hence we need to carry out further testing to rule out formation of bubbles in MENA markets in the period under study.
As discussed earlier, we use Taylor and Peel (1998) method in our study for detection of rationally collapsing bubbles. These results are reported in Taylor and Peel (1998) . Their sample size is 116 observations, which is slightly smaller than our sample. On the other hand, the estimated values of CRτ A s in our sample are so small that we reasonably believe that failure to reject the null would not be affected at reasonable statistical confidence levels.
The right hand side panel (Panel B) of Table 4 reports the same three sets of estimated statistics for dividend and market value series. Similar to the previous discussion, we obtain extremely small In both panels, it can be seen that the majority of reported t-statistics are statistically significant at the conventional α = 5%. Thus, we can conclude that inclusion of skewness and kurtosis in Eq.
(10) is warranted.
The remaining two panels in Table ( It is clearly seen from this table, we can not reject the null of no cointegration, given the extremely small values of estimated CRτ A s. This leads use not to rule out the existence of bubbles in equity prices in MENA stock markets studied for the late 1990s to 2008 period. We acknowledge that failure to find a cointegrating vector, hence no cointegration, does not provide a final answer to the existence of rational bubbles in equity markets.
But this is a very strong indication, which is borne by the fact that the collapse of equity prices in these markets in post-2008 period was not accompanied by a similar collapse in dividend Based on the econometric evidence and descriptive evidence presented up to this stage, we feel comfortable to conclude that based on Taylor and Peel (1998) method, we can not rule out a financial market bubble in the seven MENA markets studied.
Conclusion
In this paper, we formally address an open question in emerging market finance literature. We investigate whether rationally collapsing bubbles can be viewed as an explanatory factor for the unusually bullish performance of the MENA financial markets in the period ending in the first decade of the 21 st century. We conclude that based on our statistical findings and descriptive evidence presented, such a hypothesis can not be ruled out.
We believe that based on the work of Cheng et al. (2009) , it is hard or even impossible to assess the performance of MENA markets based on their static or dynamic relationship with composite world financial market price indices, since these markets are generally segmented from the global financial system. Hence, detection of statistically significant divergences from CAPM-based return predictions is hard. As a result, we believe that to evaluate the performance of these markets, formal testing for rationally collapsing bubbles is needed. We carry out this task by following the methodology of both Diba and Grossman (1988) and Taylor and Peel (1998) . Based on Diba and
Grossman methodology, four out of the seven MENA financial markets studied have price series which seem to be cointegrated with dividend series. The hypothesis of the absence of a rational bubble can not be rejected except for Tunisia, and to a lesser extent for Lebanon and Morocco.
Since Evans (1991) shows that conventional cointegration methodology fails in the face of periodically collapsing bubbles, we also test for this class of bubbles, using Taylor and Peel (1998) methodology to test for periodically collapsing bubbles we find that the null hypothesis of noncointegration between prices and dividends, which is evidence of a bubble, cannot be rejected at any reasonable statistical level for all markets in our sample. Along with the descriptive evidence of market performance since October 2008, we find this outcome to be supportive of bubbles in MENA financial markets. Our results are of interest to financial scholars conducting research on emerging and frontier markets, investors seeking global opportunities, and international and national policy makers with an interest in detection or taking action against financial bubbles. Dickey-Fuller (ADF) tests for the levels and logarithmic levels of price index, market values, and dividend payments. * denotes failure to reject reject the null hypothesis of a unit root at 5% or better confidence level. Since Lebanese dividend payment data includes zero entries at the level, stationarity tests for this data series can not be carried out. The null hypothesis of a unit root at 5% or better confidence level is soundly rejected for first differences of all series. These results are not reported, but are available upon request. 
